Abstract-Antiarrhythmic
(3-Adrenergic blocking agents (j3-blockers) are known to have antiarrhythmic effects, some of which have been shown to be unrelated to f3-blocking effects (1-3). Nonspecific effects of (3-blockers responsible for suppression of arrhythmias include the so-called qui nidine-like effect which is often called the local anesthetic or direct cardiodepressant effect.
Quantitative comparison of (3-blocking effects and the other effects has already been con ducted, but the antiarrhythmic effect has not been studied quantitatively enough to be compared with other effects. This situation has made it difficult to pinpoint an antiarrhy thmic mechanism or mechanisms of the (3-blockers on a given arrhythmia. (3-blocking activity slightly stronger than propranolol with positive chronotropic activity and weak local anesthetic activity; Ko 1400 has strong (3-blocking activity with weak positive chronotropic and local anesthetic activity; propranolol has no positive effect but strong local anesthetic activity.
MATERIALS AND METHODS
Experiments were performed using beagle dogs of either sex, weighing 9 to 12 kg.
1) Halo thane-epinephrine arrhythmia
The methods for the production of ventricular arrhythmia by intravenous injection of epinephrine during halothane anesthesia were similar to those reported previously by Hashi moto and Hashimoto (5). Briefly, the animal was anesthetized with sodium thiopental, 30 mg/kg i.v., and after intubation, 1.5% halothane was introduced. Halothane was vaporized with 95 ° / 0,-5 CO2 using a calibrated vaporizer (Fluotec 3) and was delivered using a constant volume respirator (Takashima). The tidal volume of the respirator was 10 ml/kg-1-50 ml of the dead space of the tubings, and the respiratory rate, 20/min. During the first 30 minutes for stabilizing halothane effects, the femoral artery and vein were dissected aseptically in order to measure the systemic blood pressure and to infuse drugs intravenously.
Epinephrine was dissolved in 20 ml saline and injected from the cannulae into the femoral vein in 50 seconds. The dose of epinephrine was increased from 1 fig/kg to 2, 2.5, 3, 4 and 6 ,tg/kg until ventricular tachycardia of multifocal origin and of over 30 seconds duration was produced. Ten minutes were allowed for the recovery from the epinephrine effect.
The arrhythmic dose of epinephrine was used at least twice in order to confirm that the arrhythmia thus produced was reproducible. Then ,3-blockers were injected. The initial dose of the ,3-blockers was usually chosen as the same w/v dose as that of the arrhythmic dose of epinephrine. Five minutes after the initial injection of ,3-blocker, epinephrine was injected. Ten minutes later (total time lapse 15 minutes), (3-blocker was again administered in larger doses and again followed by epinephrine. The increase was in the order of 2 x , 2 x , 5 x, 10 x and so on of the w/v dose of epinephrine: thus the cumulative dose was 3 x, 5 x, 10 x, 20 x, the epinephrine dose. This pattern was repeated until the ventricular tachy cardia was suppressed. The antiarrhythmic effects of oxprenolol were expressed by the minimum antiarrhythmic ratio, i.e., the molar effective antiarrhythmic dose of oxprenolol/ the molar arrhythmic dose of epinephrine. In some dogs the extrasystoles could not be abolished by increasing the dose of oxprenolol even after successful suppression of multifocal tachycardia. In those cases, disappearance of burst of arrhythmia was judged as suppressive.
Experiments Using Ko 1400 and propranolol were performed in 6 dogs and the data were added to those reported by us (4) in order that statistical comparison of oxprenolol, Ko 1400 and propranolol could be made.
2) Coronary ligation arrhythmia
Beagle dogs used for the study of halothane-epinephrine arrhythmias (Section 1) were allowed to recover for 1 month before being used for this study. Dogs were anesthetized initially with sodium thiopental, 30 mg/kg, i.v., followed by 1.5 % halothane anesthesia.
The heart was exposed aseptically through a left thoracotomy in the 5th intercostal space.
The pericardium was incised to expose the anterior descending coronary artery, and a two stage coronary ligation was performed according to the method described by Harris (6).
The animals were studied 24 hours and 48 hours after operation under unanesthetized conditions. Pharmacokinetic data suggest that almost all the drugs given 24 hours after the coronary ligation will be eliminated from plasma within the next 24 hours (7).
Oxprenolol was injected within 30 seconds through a catheter placed in the brachio cephalic vein and lead II of the ECG was continuously monitored. Analysis of ECG was performed as previously described (8). The arrhythmic ratio was determined (as the fre quency of idioventricular beats divided by the total heart rate) before and after intravenous oxprenolol.
An intravenous injection of oxprenolol was made every 20 minutes until either the arrhythmia was suppressed or the dose reached 5 mg/kg for the 24th hour and 10 mg/kg for the 48th hour experiments. Ten mg/kg of oxprenolol was lethal for two dogs on the first post-operative day. Previously we reported that the use of Kb 1400 and propranolol, in doses of 10 mg/kg, resulted in the death, for each drug, of one dog (4). The initial doses of oxprenolol were 0.1 mg/kg; 0.4, 0.5 and 2 mg/kg was added every 20 minutes. The antiarrhythmic dose was expressed in the total cumulative dose. One experiment using propranolol was performed in order to add data to that of our previous paper (4). The antiarrhythmic activity was evaluated by two methods as previously described (8). First, the arrhythmic ratio was determined at the maximal dosage of the drug for each animal. The effects were graded as follows, 1) almost no effect, i.e. 0-50% reduction of the arrhythmic ratio, 2) 50-90% reduction and 3) a greater than 90 reduction of the arrhythmic ratio for at least 1 min. In the other methods, the maximal changes in the total heart rate and the sinus beats were determined for each dose of the drug, and dose-effect curves were constructed.
Drugs used were dl-oxprenolol HCI, dl-K6 1400 HCI, dl-propranolol HCI and 1 epinephrine HCI.
Statistical comparisons were made using Student's t-test.
RESULTS

Halothane-epinephrine arrhythmias
In the first 30 minutes of 1.5 % halothane anesthesia, the blood pressure and the heart rate reached a steady state, the average values of 12 dogs were 116±7 mmHg and 794-8 mmHg for the systolic and diastolic blood pressure respectively, and 143±9 beats/min for the heart rate (mean*S.E.). During the control period for determining the arrhythmic dose of epinephrine, the blood pressure and the heart rate returned to the same value 10 min after the intravenous injection of epinephrine. Arrhythmias of at least over 30 seconds duration and of multifocal origin as shown in Fig. I were produced by an average dose of epinephrine, 2.6+0.3 pg/kg (n=12). The minimum antiarrhythmic ratio, i.e., effective antiarrhythmic dose of oxprenolol/arrhythmic dose of epinephrine, was obtained by coin paring those doses in molar concentration.
In the experiment of Fig. 1 , the ratio was 6.1.
In earlier experiments, after determining the ratio, epinephrine was increased until arrhythmia of the same severity was reproduced, and then, the antiarrhythmic ratio was examined again. The antiarrhythmic ratios, thus obtained several times for one dog, were fairly constant.
FIG. I. Effect of oxprenolol on halothane-epinephrine arrhythmia. Epinephrine
(3 pg/kg) reproduced arrhythmia of almost the same duration and severity during the control period. After oxprenolol, arrhythmia was abolished as shown in the ECG of C. SBP: systemic blood pressure. Table 1 compares the minimum antiarrhythmic ratio of oxprenolol with those of Ko 1400 and propranolol, which were obtained by adding the present experimental results to those reported previously by us (4). The higher antiarrhythmic ratio of oxprenolol as compared to Ko 1400 and propranolol is statistically significant (p<0.05). The anti arrhythmic ratio of Ko 1400 was lower than that of propranolol, but the difference was not statistically significant. Although the ratio was high, the antiarrhythmic dose of oxprenolol was as low as 60+18 ,ag/kg (n=6), a value usually thought to be a (3-adrenergic blocking dose.
Coronary ligation arrhythmias
Twenty four hours after the ligation of the anterior descending coronary artery, the average heart rate in the unanesthetized beagle dog was 184±7 beats/min (n=7) and out of this total heart rate, the sinus beats was only 18± 9 beats/min, the remainder being mainly multifocal ventricular beats as shown in Fig. 2 .B. Table 2 compares the incidences of successful suppression of arrhythmia by oxprenolol with those of Ko 1400 and propranolol which were reported previously by us (4). The antiarrhythmic effects resulting from a maximum dose of oxprenolol differed for each animal and were listed according to the reduced percentage of the initial arrhythmic ratio. As shown in Table 2 , oxprenolol did not reduce the arrhythmic ratio more than 50 % in all 6 dogs in the 24th hour, just as Ko 1400
while propranolol suppressed arrhythmia in 2 out of 5 dogs. Fig. 3 shows the dose-response relation of the effect of oxprenolol on the total heart rate and the sinus rate. Although positive chronotropic effects of oxprenolol were found in the dog heart-lung preparation (9), this substance did not show any increase in the heart rate under the present experimental condition. In higher doses, the heart rate decreased significantly. Increase in the sinus rate was observed using 5 mg/kg of oxprenolol and the difference was significant from the control value. The dose-response patterns of Ko 1400
and propranolol were similar to that of oxprenolol. Although higher doses of oxprenolol could be given without fatality, doses higher than 5 mg/kg resulted in sedation of the dogs, and in some, tic-like movements of the head. On the next day, the same dogs were used to evaluate the effects of oxprenolol on arrhythmias 48 hours after coronary ligation. The dogs recovered fully from the operation and the arrhy thmia decreased in severity, as shown in Fig. 2 .D. The average heart rate de creased significantly to 167-' 9 beats/min (n=5), and the sinus beats increased slightly to 23±9 beats/min (n=5). For this arrhythmia, oxprenolol showed an tiarrhythmic effect. Although 10 mg/kg was necessary, oxprenolol reduced the arrhythmic ratio more than 50% in all 4 dogs, and in two of them, almost com plete suppression of arrhythmia (more than 90 % reduction of arrhythmic ratio) occurred as shown in Fig. 2 .E. The time to reach 50 % reduction of the arrhythmic ratio was 3.3--l-1.1 min and was almost the same as that of Ko 1400 and propranolol.
The duration of 50 % reduction or 90 % reduction of the arrhythmic ratio in 2 dogs showed that the effect was as long lasting as that of Ko 1400 and propranolol. Antiarrhythmic effects on the 2nd post-operative day are also illustrated in the dose-response curve of Fig. 4 . The sinus rate increased dose-dependently and at 10 mg/kg almost all the heart beats were sinus beats. Fifty percent decrease in the arrhythmic ratio was obtained by about 5 mg/kg, which was almost the same as the values for propranolol and Ko 1400. 
DISCUSSION
Oxprenolol had an antiarrhythmic effect on halothane-epinephrine arrhythmias in low doses, however it had no effect on ventricular arrhythmias produced 24 hours after coronary ligation.
Only high doses of oxprenolol showed some effect on arrhythmias 48 hours after ligation. Quantitative comparisons of the antiarrhythmic effect of oxprenolol with the other two j3-blockers, propranolol and Ko 1400 (4), showed that oxprenolol had a weaker effect on the halothane-epinephrine arrhythmia than the other two, while the effect on the coronary ligation arrhythmia was as weak as the other two.
The antiarrhythmic effect of ,3-blockers on halothane-epinephrine arrhythmias must depend on the i3-blocking activity, because the antiarrhythmic dose was in the range of the so-called /3-blocking dose and the arrhythmia was induced by a i3-agonist, epinephrine.
The 3-blocking activity of oxprenolol on the heart has been reported to be 1.3 and 1.8 times as potent as propranolol on the right and left atrial preparations of the guinea pig respec tively (10) or 1.5 to 2 times (11) or 2 times (12) as potent as propranolol. The i3-blocking activity of Ko 1400 is 2.3 and 3.7 times as potent as propranolol on the right and left atrial preparations of the guinea pig respectively (13). Oxprenolol was 4.45 times less potent than propranolol, while Kb 1400 was 1.3 times as potent as propranolol in suppressing halothane-epinephrine arrhythmia in the present study. Nayler et al. (11) The relative potency of the antiarrhythmic effect obtained from the present study (Ko 1400, 1.3: propranolol, 1: oxprenolol, 0.2) is not equal to the relative potency of the / blocking activity of the three drugs. Ko 1400 should be more potent and oxprenolol should be as or more potent than propranolol, if the antiarrhythmic activity is due to the (3-blocking activity. This discrepancy between i3-blocking potency and antiarrhythmic potency of (3-blockers suggests that some other effects of the p3-blocker are counteracting the (3-blocking activity. The effect may be the intrinsic positive chronotropic effect which is well known for oxprenolol (9, 15) and is also present, though weaker, in Ko 1400 (4) and nonexistent in propranolol (12). Hashimoto and Hashimoto (5) studied the effect of the heart rate on the halothane-epinephrine arrhythmia and showed that there exists a range of heart rate which produces the arrhythmia. The prominent effect of decreasing the heart rate during epinephrine injection by (3-blockers brings the heart rate far below the arrhythmic range and thus suppresses the arrhythmia. The intrinsic positive chronotropic effect may counteract the rate-decreasing effect of the p3-blocker, resulting in making the effect of oxprenolol weaker than the other two and that of Ko 1400 only slightly stronger than that of propranolol.
The doses producing intrinsic positive chronotropic effect of 1/3-blocker have been reported to be almost the same as that for producing ~-blockade (15). This also supports our conclusion.
The effects of oxprenolol and the other two ,3-blockers on the coronary ligation arrhy thmia were almost negligible as compared to those of CH-200, lidocaine and procainamide using the same quantitative methods for comparison (8). Some cases in which 13-blockers were effective required a high dose which far exceeds ;3-blocking doses. This indicated that the mechanism of the antiarrhythmic effect is probably due to the local anesthetic, or mem brane stabilizing effect of the E3-blockers (3, 16). The three R-blockers have not been compared in their local anesthetic activity simultaneously, but from the studies of Marmo et al. (17) and Raper and Wale (14) , oxprenolol and Ko 1400 are 2 to 5 times less potent in local anesthetic activity than propranolol.
This may explain why the use of propranolol resulted in somewhat stronger antiarrhythmic activity in the coronary ligation arrhythmia than oxprenolol and Ko 1400, but the difference in the antiarrhythmic effects on the coronary ligation arrhythmia among the three was not so significant as that in the local anesthetic activity.
Because of the lack of prominent antiarrhythmic effect and quantitative differences among the three 3-blockers, no electrophysiological experiments using isolated canine cardiac preparations were performed. Previously we studied the electrophysiological effects of antiarrhythmic drugs and concluded that increase in the effective refractory period is responsible for their effects on the coronary ligation arrhythmia and also showed that the decrease in the maximum rate of rise of the action potential (often used as a measure of the membrane stabilizing effect) occurs independently of the change in the refractory period (8).
It may be speculated that the effect of the three ,,3-blockers to increase the refractory period of the ventricular muscle is weak and no quantitative difference in the effect exists among the three i3-blockers. Inui and Imamura reported that the,3-blockers, propranolol and bufetolol, had no effect on the refractory period of the canine ventricular muscle even when high doses were used. (18). 
